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Tuesday, February 28, 2012 431aon benzene transport through outer membrane models containing LPS. We
also performed atomistic MD simulations TodX and of FadL in simple phos-
pholipid bilayers and in membranes containing LPS, in order to study confor-
mational stability and role of LPS interactions with the protein. In simulations
of the interactions of benzene with TodX we observed a high affinity site inside
the TodX pore and also the lateral exit of benzene from TodX into the surround-
ing bilayer. In coarse-grained simulations of the interaction of benzene with
several outer membrane transporters (TodX, FadL, OmpW and OprG) we
observed entry of benzene into the barrel and explored the role of L3 loop as
a channel gate.
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At an early stage of synthesis, nearly all membrane proteins are targeted to
a protein-conducting channel in the membrane, the SecY/Sec61 complex. Ac-
cess of the nascent protein to the membrane occurs via a lateral gate, located at
the interface of the two halves of the channel. Recently, we structurally re-
solved a membrane-protein insertion intermediate state of SecY bound to
a translating ribosome with a transmembrane (TM) segment at the lateral
gate, between channel and membrane. Beginning from that state, we have
now carried out multi-microsecond simulations of different putative TM seg-
ments at SecY’s lateral gate using Anton, a special-purpose molecular dynam-
ics computer from DE Shaw Research. The simulations reveal spontaneous
motion of the TM segment, either toward membrane or toward the channel in-
terior, depending on its sequence. Diffusion of the TM segment into the mem-
brane is generated through interactions with individual lipid molecules, which
rapidly envelop a hydrophobic TM segment but reject a hydrophilic one. Sub-
sequent free-energy calculations quantify and support the generality of the
spontaneous motions observed in individual simulations. Thus, we suggest
that the discrimination step between membrane-inserted and secreted states
of a nascent protein occurs primarily in the SecY channel.
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Many proteins are translocated across the endoplasmic reticulum membrane or
the bacterial plasma membrane through a conserved channel, formed by a het-
erotrimeric protein complex (called the Sec61p complex in eukaryotes and the
SecY complex in bacteria and archaea). While the resting the channel is imper-
meable to ions and water (1), the SecY complex bound to ribosomes or SecA
exhibits ion channel activity. We show here that the purified and reconstituted
channel allows massive ion flow when activated by a ligand. It is equally per-
meable to both cations and anions. Within seconds a single open translocon
would empty the calcium store of the endoplasmic reticulum or destroy the pro-
ton gradient over the bacterial plasma membrane. We conclude that a helper
protein is required to reduce the cation or proton leak.
(1) Saparov et al. (2007) Determining the Conductance of the SecY Protein
Translocation Channel for Small Molecules. Mol. Cell 26: 501-509.
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In vitro reconstitution of a membrane protein is the ultimate tool for under-
standing the molecular details of functional properties inherent to the isolated
protein. In addition, reconstitution into pure synthetic lipid bilayers of
defined composition is prerequisite to study of how membrane protein function
may depend on local or bulk lipid properties. Unfortunately, in vitro reconsti-
tution of large mammalian membrane proteins remains difficult to master.
Using the TRPV1 ion channel, we have carried out an exhaustive optimization
of the many steps involved in reconstitution into pure lipid vesicles. Optimiza-
tion required techniques and analysis of data from a wide variety of disciplines:
membrane protein purification and analysis; physical chemistry of lipids
and detergent mixtures; lipid vesicle characterization using light scattering,
sedimentation, and gel filtration chromatography; and, in our case, electrophys-
iology. We have integrated our results with those of others to develop a
systematic strategy for reconstituting functional membrane proteins. Usingpatch-clamp analysis of TRPV1 in giant unilamellar vesicles, we will show
how our strategy leads to consistent, reproducible recordings of channel cur-
rents and provides improved understanding of the effects of PIP2 on TRPV1
function.Platform: Voltage-gated Ca Channels
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Rad/Rem/Gem/Kir GTPases (RGKs) are the most potent known intracellular
inhibitors of CaV1/CaV2 channels. Understanding their mechanism of action
is critical not only for insights into their biological function but also may pro-
vide a blueprint for developing novel, useful protein CaV channel inhibitors.
RGKs associate with auxiliary CaV beta subunits, but whether this interaction
contributes to inhibition is elusive. We investigated the role of the RGK-beta
interaction in Rem inhibition of reconstituted CaV1.2 channels, using a beta
mutant (beta2aTM) selectively lacking binding to RGKs. Rem eliminated cur-
rents in wt beta2a-reconstituted channels (95% inhibition), but was significantly
less potent (70% inhibition) in inhibiting beta2aTM-containing channels. Rem
inhibits CaV1.2 channels using multiple mechanisms-decreasing channel num-
ber (N), open probability (Po), and gating charge (Qmax). The decreased N
and Po (as demonstrated using a C1-domain-tagged Rem derivative that indu-
cibly inhibits ICa,L when dynam-
ically targeted to the membrane
with PdBu, Figure) were elimi-
nated in beta2aTM-reconstituted
channels, indicating their beta-
binding dependence. By con-
trast, reduced Qmax was retained
in beta2aTM-reconstituted chan-
nels. The results shed new light
on mechanisms of Rem inhibi-
tion of CaV1.2 channels and
offer insights into rational devel-
opment of novel bio-inspired
CaV channel blockers.2192-Plat
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RGK proteins (Rad, Rem1, Rem2 and Gem/Kir) are small GTPases that often
colocalize with and strongly inhibit high-voltage activated (HVA) calcium
channels (L-, N-, P/Q- and R-type). The mechanism of inhibition is largely un-
clear. The pore-forming alpha-1 subunit of HVA calcium channels requires the
beta subunit for cell surface trafficking and gating. We previously showed di-
rect binding between alpha-1 and Gem and obtained a Gem-insensitive chime-
ric P/Q alpha-1containing the IIS1-S3 region of a Gem-resistant, low-voltage
activated T-type channel (Fan et al., PNAS, 2010). In this study, we investi-
gated the cause of this insensitivity. Since the IIS1-S3 region of P/Q alpha-1
has too few cytosolic amino acids to be a Gem binding site, and since we
had identified a different alpha-1 region that binds Gem, we focused on altered
biophysical properties of the chimera. We observed that the chimeric channel
inactivated much slower than WT P/Q channel did; we therefore examined
whether slow inactivation was responsible for Gem insensitivity. Mutating res-
idues known to increase channel inactivation enhanced Gem inhibition,
whereas mutating residues known to slow channel inactivation weakened or
abolished Gem inhibition. Replacing beta3 with beta2a, an auxiliary subunit
known to slow channel inactivation, also weakened Gem inhibition. Further-
more, recovery from inactivation of WT P/Q channels in the presence of
Gem was markedly slower than without Gem. Thus, Gem appeared to stabilize
the channel in the inactivated state. These results shed light on a new factor -
altered regulation by RGK proteins - that may contribute to HVA calcium
channel-related channelopathies. Indeed, we found that familial hemiplegic mi-
graine mutations that speed P/Q channel inactivation strengthened Gem inhibi-
tion, whereas Timothy syndrome mutations that slow channel inactivation
greatly weakened Gem inhibition.
